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(54) EXPOSURE METHOD AND SYSTEM 

(57) An exposure method and an exposure appara- 
tus make it possible to easily supply a gas through which 
an exposure light beam is transmitted, to a space be- 
tween a projection optical system and a substrate as an 
exposure objective. A wafer (W) is exposed with a re- 
duced image of a pattern on a reticle (R) by radiating 
the exposure light beam (IL) having passed through the 
pattern on the reticle (R), onto the wafer (W) via a pro- 
jection optical system (PL) composed of a cata-dioptric 
system. A purge guide plate (33), which has a guide hole 
(33a) formed in the vicinity of the field center, is installed 
between the wafer (W) and an optical member (M2) dis- 
posed at the tip of the projection optical system (PL). A 
purge gas, through which the exposure light beam (IL) 
is transmitted, is supplied from a gas supply unit (26) to 
the space between the purge guide plate (33) and the 
optical member (M2) disposed at the tip. The purge gas 
flows in a forrh of downflow through the guide hole (33a) 
toward the wafer (W), and then the purge gas flows in 
directions toward the outer circumference. 
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Description 
TECHNICAL FIELD 

[0001] The present Invention relates to an exposure 
method and an exposure apparatus to be used when a 
predetermined pattern Is transfen-ed onto a substrate In 
the lithography step for producing devices including, for 
example, semiconductor elements (for example, CPU 
and DRAM), image pickup elements (for example; 
CCD), liquid crystal display elements, plasma display el- 
ements, and thin film magnetic heads. Especially, the 
present invention is preferably used when a vacuum ul- 
traviolet light beam (VUV light beam) having a wave- 
length of about 200 nm or less is used as an exposure 
light beam. 

BACKGROUND ART 

[0002] At present, the KrF excimer laser light beam 
(wavelength: 248 nm) is principally used as the expo- 
sure light beam for the projection exposure apparatus 
based on, for example, the stepper type or the step-and- 
scan system to be used, for example, when a semicon- 
ductor integrated circuit is produced. Further, the use of 
the ArF excimer laser light beam (wavelength: 193 nm) 
will be started in near future as well. Investigation is also 
made for the development of an exposure apparatus 
which uses the fluorine laser beam {F^ laser beam) hav- 
ing a wavelength of 1 57 nm as the exposure light beam, 
in order to respond to the advance of finer semiconduc- 
tor elements or the like. 

[0003] However, also In the case of the vacuum ultra- 
violet region in which the wavelength is substantially not 
more than about 200 nm, and in the case of the light 
beam having a wavelength of not more than about 1 80 
nm as in the F2 laser beam, the light is absorbed in an 
extremely large amount, for example, by molecules of 
oxygen, hydrogen, carbon dioxide gas. organic matters, 
and halides (hereinafter refen^ed to as "light-absorbing 
substance") which are abundantly contained in the or- 
dinary air. Therefore, in order to obtain a desired illumi- 
nance (light amount), for example, on a wafer as a sub- 
strate to be exposed, it is necessary to sufficiently de- 
crease the concentration of the light-absorbing sub- 
stance so that the transmlttance of the optical path for 
the exposure lighl beam Is increased. In the case oi ox- 
ygen, the amount of absoiption is increased as the 
wavelength is decreased from about 200 nm. Therefore, 
in an exposure apparatus which uses the vacuum ultra- 
violet light as the exposure light beam, it Is necessary 
to fill the optical path for the exposure light beam with a 
purge gas such as high purity nitrogen gas in which the 
light-absorbing substance as described above is 
scarcely contained. 

[0004] When it is intended that the purge gas, in which 
the amount of the light-absorbing substance is greatly 
reduced, is supplied to the optical path for the exposure 



light beam in the exposure apparatus as described 
above, it is easy to provide a tightly enclosed structure, 
for example, for the illumination optical system and the 
projection optical system wherein it is relatively easy to 

5 maintain a high purity of the purge gas. On the other 
hand, in the case of the wafer stage section and the ret- 
icle stage section, some movable units exist, and it is 
necessary to exchange the wafer and the reticle as the 
mask. Therefore, it is necessary that the wafer stage 

10 section and the reticle stage section are capable of mak- 
ing any access to the outside, in which it is not easy to 
maintain a high purity of the purge gas, 
[0005] Especially, In order to realize a high through- 
put, it is necessary for the wafer stage to frequently 

15 make access to the outside. Further, the photoresist, 
which is applied onto the wafer, generates the release 
gas (out gas) containing organic matters and halides 
which are Included In the light-absorbing substance as 
described above and which absorb a large amount of 

20 the F2 laser beam. Further, the light-absorbing sub- 
stance such as oil is continuously generated, for exam- 
ple, from wirings and movable members including, for 
example, stepping motors and linear motors which are 
installed in the vicinity of the wafer stage in many cases. 

2S Because there are several difficulties as described, 
above, it has been difficult to fill the space (hereinafter 
referred to as "working distance region") between the 
wafer and the tip of the projection optical system with 
the high purity purge gas. 

30 [0006] In relation to the above, it is also conceived that 
the wafer stage is covered with walls and the internal 
space thereof (wafer chamber) is filled with the purge 
gas, as a method for purging the surroundings of the 
wafer stage including the working distance region with 

35 the high purity purge gas. However, in the case of this 
method, the following procedure is required. That Is, a 
preparatory chamber, which is provided with double-en- 
try doors, is provided between the outside and the wafer 
chamber for putting in and out the wafer. The wafer is 

40 loaded on the wafer stage after the air around the wafer 
Is substituted with the purge gas in the preparatory 
chamber. Such a procedure involves the following in- 
convenience. That is, the mechanism is cohnplicated, 
and the apparatus is expensive. Further, a long period 

45 of time is required to perform the gas substitution, and 
the throughput is lowered. 

[0007] Usually, the position of the wafer stage is 
measured by a laser inleiierometer. However, It Is 
feared that the measured value obtained by the laser 

50 interferometer may be varied due to any fluctuation of 
the optical path for the laser beam. In relation to the 
above, for example, when the wafer stage is moved dur- 
ing the process in which the high purity purge gas is sup- 
plied to the surroundings of the wafer stage including 

55 the working distance region, then the state of the flow 
of the purge gas is changed, and the fluctuation of the 
optical path for the laser beam takes place. As a result, 
it is feared that the positioning accuracy of the wafer 
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stage may be decreased. The amount of decrease of 
the positioning accuracy is extremely small. However 
in view of the fact that the degree of integration of the 
semiconductor element or the like will be further im- 
proved in future, It is desirable to suppress the amount 
of decrease of the positioning accuracy as described 
above as well. 

[0008] Taking the foregoing points into consideration, 
a first object of the present invention is to provide an 
exposure method which makes it possible to maintain a 
high/intensity of an exposure light beam on a substrate 
as an exposure objective. 

[0009] A second object of the present invention is to 
provide an exposure method which makes impossible to 
easily supply a gas through which an exposure light 
beam is transmitted, to the space between a projection 
optical system and a substrate as an exposure objec- 
tive. 

[0010] A third object of the present invention is to pro- 
vide an exposure method which makes it possible to 
avoid any decrease in positioning accuracy of a stage 
for positioning a substrate as an exposure objective 
when a gas, through which an exposure light beam is 
transmitted, is supplied to the space between a projec- 
tion optical system and the substrate as the exposure 
objective. 

[0011] A fourth object of the present invention is to 
provide an exposure apparatus which makes it possible 
to carry out the exposure method as described above, 
and a method for producing a device, which makes it 
possible to produce the device with a high throughput 
by using the exposure method as described above. 

DISCLOSURE OF THE INVENTION 

[0012] A first exposure method according to the 
present invention resides in an exposure method for ex- 
posing a second object (W) via a projection optical sys- 
tem (PL) with an exposure light beam having passed 
through a pattern on a first object (R); the exposure 
method comprising supplying a gas through which the 
exposure light beam is transmitted, from a tip or interior 
of the projection optical system toward an exposure ar- 
ea on the second objecL 

[0013] According to the present Invention as defined 
above, the gas, through which the exposure light beam 
is transmitted, is supplied parliculariy and predominant- 
ly to the space in the vicinity of the exposure area on the 
second object. Therefore, for example, even when a 
photosensitive material is applied onto the second ob- 
ject, and the light-absorbing substance, which absorbs 
the exposure light beam, is generated as the release 
gas from the photosensitive material, then the light-ab- 
sorbing substance flows to the surroundings. The trans- 
mittance of the optical path for the exposure light beam 
is maintained to be high, and no cloudy substance ad- 
heres to the optical member disposed at the tip of the 
projection optical system. Further, it is also possible to 
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Improve the uniformity of the refractive index distribution 
in the optical path for the exposure light beam with which 
the exposure area is exposed. Therefore, the image for- 
mation characteristics of the projection optical system 
5 are maintained In a well-suited manner and it is possible 
to enhance, for example, the line width uniformity of a 
circuit pattern to be fonned on the second object. Fur- 
ther, the intensity of the exposure light beam is in- 
creased on the second object, and the throughput is im- 
^0 proved, 

[001 4] For example, when the gas. through which the 
exposure light beam is transmitted, is supplied from the 
interior of the projection optical system onto the second 
object, the gas can be easily supplied to the space be- 
tween the second object and the projection optcal sys- 
tem. 

[0015] In another aspect, a second exposure method 
according to the'present Invention resides in an expo- 
sure method for exposing a second object (W) via a pro- 
jection optical system (PL) with an exposure light beam 
having passed through a pattern on a first object (R); 
the exposure method comprising supplying a gas 
through which the exposure light beam Is transmitted, 
to a space between the projection optical system and 
the second object; and controlling a state of flow of the 
gas depending on a position of a stage (23) for position- 
ing the second object. 

[0016] According to the present invention as defined 
above, when the position of the stage is measured, for 
example, with an interferometer, a measuring light beam 
is radiated onto the stage. In this situation, for example, 
the flow of the gas through which the exposure light 
beam is transmitted is controlled so that the fluctuation 
of the light beam Is suppressed on the optk::alpath when 
the optical path for the light beam of the interferometer 
approaches the projection optical system. Accordingly, 
It is possible to avoid the decrease in positioning accu- 
racy of the stage. 

[0017] In still another aspect, a first exposure appa- 
ratus according to the present invention resides in an 
exposure apparatus for exposing a second object (W) 
via a projection optical system (PL; PL1) with an expo- . 
sure light beam having passed through a pattern on a 
first object (R); the exposure apparatus comprising a 
45 guide member (33; M4) which is arranged between the 
second object and the projection optical system and 
which is provided with an aperture (33a; 62A) for allow- 
ing the exposure light beam having passed through the 
projection optical system to pass therethrough; and a 
50 gas supply unit (26) which supplies a gas through which 
the exposure light beam is transmitted, through the ap- 
erture of the guide member toward the second object. 
According to the exposure apparatus, the first exposure 
method of the present invention can be carried out, 
55 [0018] An optical member (M4) of the projection opti- 
cal system, which is disposed at a position closest to the 
second object, is also used as the guide member. In this 
case, even when the working distance of the projection 
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optical system Is short, the gas, through which the ex- 
posure light beam is transmitted, can be supplied onto 
the second object with ease. 

[0019] In still another aspect, a second exposure ap- 
paratus according to the present invention resides in an 5 
exposure apparatus for exposing a second object (W) 
via a projection optical system (PL) with an exposure 
light beam having passed through a pattern on a first 
object (R); the exposure apparatus comprising a stage 
(23) which positions the second object; a gas supply unit io 
(26) which supplies a gas through which the exposure 
light beam is transmitted, to a space between the pro- 
jection optical system and the second object; and a con- 
trol unit (25) which controls a state of flow of the gas 
supplied by the gas supply unit, depending on a position is 
of the stage. According to the exposure apparatus as 
defined above, the second exposure pnethod of the 
present invention can be carried out. 
[0020] In still another aspect, a method for producing 
the first exposure apparatus according to the present 
invention resides in a method for producing an exposure 
apparatus for exposing a second object via a projection 
optical system with an exposure light beam having 
passed through a pattern on a first object; the production 
method comprising arranging the projection optical sys- 25 
tem; arranging a guide member provided with an aper- 
ture for allowing the exposure light beam having passed 
through the projection optical system to pass there- 
through, at an end of the projection optical system on a 
side of the second object: and arranging a gas supply 30 
unit for supplying a gas through which the exposure light 
beam is transmitted, toward the second object through 
the aperture of the guide member. 
[0021] In still another aspect; a method for producing 
the second exposure apparatus according to the 35 
present invention resides in a method for producing an 
exposure apparatus for exposing a second object via a 
projection optical system with an exposure light beam 
having passed through a pattem on a first object; the 
production method comprising arranging the projection 
optical system and a stage for positioning the second 
object; arranging a gas supply unit for supplying a gas 
through which the exposure light beam is transmitted, 
between the projection optical system and the second 
object; and arranging a control unit forcontrolling a state 
of flow of. the gas supplied by the gas supply unit, de- 
pending on a position of the stage. According to the 
methods for producing the first and second exposure 
apparatuses of the present invention as defined above, 
it is possible to efficiently produce the first and second 50 
exposure apparatuses of the present invention respec- 
tively. 

[0022] In still another aspect, a method for producing 
a device according to the present invention resides in a 
method for producing a device, comprising the step of 55 
transferring a device pattern onto a workplece by using 
the exposure method of the present invention. When the 
exposure method of the present invention is used, it is 



possible to mass-produce the device having high func- 
tion at a high throughput. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Fig. 1 shows, with partial cutout, an arrangement 
illustrating a projection exposure apparatus accord- 
ing to a first embodiment of the present invention. 
Fig. 2 shows, with partial cross section, an arrange- 
ment of those ranging from a projection optical sys- 
tem PL to a wafer stage 23 shown in Fig. 1 . Fig. 3 
shows a plan view illustrating a purge guide plate 
■ 33 shown in Fig. 2. Fig. 4 shows, with partial cross 
section, an arrangement of those ranging from a 
projection optical system PL1 to a wafer stage 23 
according to a second embodiment of the present 
invention. Fig. 5 shows, with partial cross section, 
a modified embodiment of the second embodiment. 
Fig. 6 shows, with partial cross section, an arrange- 
ment of those ranging from a projection optical sys- 
tem PL to a wafer stage 23 according to a third em- 
bodiment of the present invention. Fig. 7 shows a 
plan view illustrating the projection optical system 
PL shown in Fig. 6. Fig. 8 shows a situation in which 
the position of the wafer stage is changed in the 
third embodiment, 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] A preferred first embodiment of the present in- 
vention will be explained beiow with reference to Figs. 
1 to 3. In this embodiment, the present Invention Is ap- 
plied to a projection exposure apparatus based on the 
step-and-scan system to use a vacuum ultraviolet light 
beam as the exposure light beam. 
[0025] Fig. 1 shows, with partial cutout, a schematic 
arrangement illustrating the projection exposure, appa- 
ratus of this embodiment. With reference to Fig. 1, the 
mechanical section of the projection exposure appara- 
tus of this embodiment is roughly classified into an illu- 
mination optical system unit 5, a reticle -operating unit 
6, a projection optical system PL, and a wafer-operating 
unit 7. Further, the Illumination optical system unit 5, the 
reticle-operating unit 6, and the projection optical sys- 
tem PL are accommodated in an illumination system 
chamber 1 , a reticle chamber 2, and a lens barrel 3 each 
having a box-shaped configuration in a state In which 
the illumination optical system unit 5, the reticle-operat- 
ing unit 6, and the projection optical system PL are iso- 
lated from the ambient gas and they are enclosed sub- 
stantially strictly. The gas, which is temperature-control- 
led, is locally supplied to the wafer-operating unit 7 from 
the side surface direction. The predetermined gas is al- 
so supplied at the central portion of the wafer-operating 
unit 7 as described later on. Further, the entire projection 
exposure apparatus of this embodiment is accommo- 



EP 1 229 573 A1 



dated in one large chamber (not shown) in which the 
temperature of the internal gas (for example, cleaned 
dry air) Is controlled to be within a predetermined target 
range. 

[0026] At first, in the Illumination optical system unit 
5, an F2 laser light source, which generates a pulse laser 
light beam having a wavelength of 1 57 nm in the vacuum 
ultraviolet region, is used as an exposure light source 
1 1 , The light-outgoing end of the exposure light source 
11 is Inserted Into a lower portion of the side surface of 
the illumination system chamber 1. The exposure light 
beam IL (exposure beam), which is radiated into the il- 
lumination system chamber 1 from the exposure light 
source 11 during the exposure, is reflected upwardly by 
a min'or 12, and the exposure light beam IL comes into 
a fly's eye lens (or a rod lens) 1 4 as an optical integrator 
(homogenizer) via an unillustrated automatic tracking 
section for making adjustment against any discrepancy 
of Ihe optical axis caused by the vibration or the like and 
a beam-shaping optical system 13 for shaping the 
cross-sectional configuration of the illumination system 
and controlling tlie light amount. An aperture diaphragm 
(not shown) is an-anged at the light-outgoing plane of 
the fl/s eye lens 14. The exposure light beam IL, which 
is radiated from the fly's eye lens 14 and which has 
passed through the aperture diaphragm, is reflected 
substantially horizontally by a mirror 15, and the expo- 
sure light beam IL arrives at a field diaphragm (reticle 
blind) 17 via a relay lens 16. 

[0027] . The arrangement plane of the field diaphragm 
17 is substantially conjugate with the pattern plane of 
the reticle R. The field diaphragm 17 is provided with a 
fixed blind for defining a slender and rectangular shape 
of the illumination area on the pattern plane, and a mov- 
able blind for closing the illumination area in order to 
ayoid any exposure on unnecessary portions upon the 
start and the end of the scanning exposure. The expo- 
sure light beam IL. which has passed through the field 
diaphragm 17. illuminates, with a uniform illuminance 
distribution, the rectangular (slit-shaped) illumination ar- 
ea on the pattern plane of the reticle R via a relay lens 
18, a mirror 19, and a condenser lens system 20 fixed 
at the tip of the illumination system chamber 1 . The illu- 
mination optical system unit 5 is constructed by the com- 
ponents ranging from the exposure light source 11 to 
the condenser lens system 20. The optical path for the 
exposure light beam IL in the illumination optical system 
unit 5, i.e., the optical path ranging from the exposure 
light source 1 1 to the condenser lens system 20 is tightly 
enclosed by the illumination system chamber 1 . 
[0028] Under the illumination light beam IL, an image 
of the pattern in the illumination area on the reticle R Is 
projected onto the wafer W applied with photoresist as 
the substrate, at a projection magnification p (P is, for 
example, 1/4 or 1/5) via the projection optical system 
PL. The wafer W Is^ for example, a disk-shaped sub- 
strate of semiconductor (for example, silicon) or SOI (sil- 
icon on insulator). When the exposure light beam IL is 



the laser beam as in this embodiment, the optical 
glass material, which has a satisfactory transmittance. 
is limited, for example, to fluorite (crystal of CaFa). 
quartz glass doped with, for example, fluorine or hydro- 
5 gen, and magnesium fluoride (MgFg). Therefore, it 
tends to be difficult to obtain desired image formation 
characteristics (for example, chromatic aberration char- 
acteristic) by constmcting the projection optfcal system 
with only refractive optical members. Accordingly, the 
10 projection optical system PL of this embodiment's a 
cata-dioptric system obtained by combining refractive 
optical members and reflecting mirrors as described lat- 
er on. The following description will be made assuming 
that the Z axis extends in parallel to the optical axis AX 
'5 of the projection optical system PL, the X axis extends 
in parallel to the plane of paper of Fig. 1 in the plane 
(horizontal plane In this embodiment) perpendicular to 
the 2 axis, and the Y axis extends perpendicularly to the 
plane of paper of Fig. 1 . The illumination area on the 
^0 reticle R of this embodiment has a rectangular shape 
which is slender in the X direction. The scanning direc- 
tion for the reticle R and the wafer W during the exposure 
is the Y direction. 

[0029] In this arrangement, the reticle R is held on a 
25 reticle stage 21. The reticle stage 21 continuously 
moves the reticle R in the Y direction on an unillustrated 
reticle base, and the reticle stage 21 finely drives the 
reticle R so that the synchronization error is reduced in 
the X direction, the Y direction, and the rotational direc- 
30 tion. The position and the angle of rotation of the reticle 
stage 21 are measured highly accurately by an unillus- 
trated laser interferometer. The reticle stage 21 is driven 
on the basis of obtained measured values and control 
Information supplied from a main control system 26 
35 composed of a computer for collectively controlling the 
operation of the entire apparatus. The reticle-operating 
unit 6 is constructed by the components including, for 
example, the reticle R, the reticle stage 21 , and the ret- 
icle base and a reticle loader which are not shown. The 
40 optical path for the exposure light beam IL in the reticle- 
operating unit 6, i.e., the optical path ranging from the 
condenser lens system 20 to the projection optcal sys- 
tem PL is tightly enclosed by the reticle chamber 2. 
[0030] The projection optical system PL is accommo- 
45 dated in the lens barrel 3 in a tightly enclosed state. The 
optical path, which ranges from the optical member of 
the projection optical syslem PL disposed on the side of 
the reticle to the optical member disposed on the side 
of the wafer, is tightly enclosed in the lens barrel 3. 
50 [0031] On the other hand, the wafer W is attracted and 
held on a placing plane composed of a recess on a wafer 
holder 22. The wafer holder 22 is fixed to a recess on a 
wafer stage 23. The surface 23a of the wafer stage 23 
is an-anged on a substantially identical plane together 
55 with the surface of the wafer W and the surface of the 
wafer holder 22. Accordingly, the gas is capable of 
smoothly flowing over the surface of the wafer W. The 
wafer stage 23 continuously moves the wafer W in the 
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Y direction on a wafer base 24, and the wafer stage 23 
moves the wafer W in a stepping manner In the X direc- 
tion and the Y direction. The wafer stage 23 is also op- 
erated such that the surface of the wafer W is focused 
with the Image plane of the projection optical system PL 
in accordance with the autofocus system on the basis 
of Information on the position (focus position) of the sur- 
face of the wafer W in the direction of the optical axis 
AX measured by unlllustrated autofocus sensors (auto- 
focus sensors 63, 64 shown in Fig. 1). The positions in 
the X direction and the Y direction, the angle of rotation 
about the X axis (pitching amount), the angle of rotation 
about the Y axis (rolling amount), and the angle of rota- 
tion about the Z axis (yawing amount) of the wafer stage 
23 are measured highly accurately by untllustrated laser 
Interferometers. The wafer stage 23 is driven on the ba- 
sis of obtained measured values and control information 
supplied from the main control system 25. 
[0032] The wafer-operating unit 7 is constructed by 
the wafer W, the wafer holder 22, the wafer stage 23, 
and the wafer base 23. The wafer loader and other com- 
ponents (not shown) are arranged in the +X direction of 
the wafer-operating unit 7. 

[0033] The upper portion of the wafer-operating unit 
7 and the side surface of the projection optical system 
PL are covered with a cover 4. A blower unit 52 and a 
dust-removingfilter unit 53 are arranged in the side sur- 
face direction in the -X direction of the wafer- operating 
unit 7. The dry air, which is temperature-controlled and 
from which ozone is removed, is supplied from an unil- 
lustrated gas supply unit via a piping 51 to the blower 
unit 62. The blower unit 52 feeds the dry air to the sur- 
roundings of the wafer-operating unit 7 under the cover 
4 via the filter unit 53, at a flow rate corresponding. to 
control information supplied from the main control sysr 
tem 25. Accordingly, the temperature of the wafer-oper- 
ating unit 7 is approximately maintained at a predeter- 
mined target temperature. An open section 54 is provid- 
ed on the side surface of the cover 4 in the +X direction. 
Therefore, the wafer W can be easily exchanged 
through the open section 54. An inert gas (for example, 
rare gas such as helium gas, or nitrogen gas), which has 
a high transmittance with respect to the exposure light 
beam IL, may be supplied as the gas to be supplied from 
the blower unit 52 to the wafer-operating unit 7. 
[0034] When an arrangement is arranged, in which 
Ihe dry air or the like, from which dusl, chemical sub- 
stances and the like are removed, is allowed to contin- 
uously flow, for example, in accordance with the down- 
flow in the chamber in which the projection exposure ap- 
paratus of this embodiment is accommodated as a 
whole, the temperature of the wafer- ope rating unit 7 is 
stabilized to a certain extent. Accordingly, in the case of 
such an arrangement, the cover 4, the blower unit 52, 
and the filter unit 53, which are used to locally supply 
the dry air or the like to the surroundings of the wafer- 
operating unit 7, may not be arranged. 
[0035] During the exposure, the operation for moving 



a shot area as an exposure objective on the wafer W to 
a position in front of the exposure area of the projection 
optical system PL in a stepping manner, and the oper- 
ation for scanning the wafer W in the Y direction at a 
5 constant velocity p»VR (P represents the projection 
magnif icatipn of the projection optical system PL) by the 
. aid of the wafer stage 23 in synchronization with the 
scanning of the reticle R in the Y direction at a constant 
velocity VR with respect to the Illumination area of the 
10 exposure light beam IL by the aid of the reticle stage 21 
are repeated in accordance with the step-and-scan sys- 
tem. The reduced image of the pattern on the reticle R 
is successively transferred onto each of the shot areas 
on the wafer W. 
15 [0036] The exposure light beam IL of this embodiment 
is a vacuum ultraviolet light beam having a wavelength 
of 157 nm. Therefore, the light-absorbing substance for 
the exposure light beam IL in the ordinary air from which 
o^:one is removed includes, for example, oxygen {O2), 
20 water (steam: H2O), cait)on dioxide gas (carbon diox- 
ide: CO2), organic matters, and halides. On the other 
hand, the gas (substance scarcely causes absorption), 
through which the illumination light beam IL is trainsmlt- 
tcd. includes nitrogen gas (Ng) as well as rare gas in- 
25 eluding helium (He), neon (Ne), argon (Ar), krypton (Kr), 
xenon (Xe), and radon (Rn), The nitrogea^gas and the 
rare gas are collectively referred to as "inert gas". 
[0037] The nitrogen gas acts as a light-absorbing sub- 
stance for the light beam having a wavelength of not 
30 more than about 150 nm. However, the helium gas can 
be used as the transmissive gas up to a wavelength of 
about 100 nm. Further, the coefficient of thermal con- 
ductivity of the helium gas is about six times that of the 
nitrogen gas, and the amount of variation of the refrac- 
ts tive index with respect to the change of atmospheric 
pressure is about 1/8 of that of the nitrogen gas. There- 
fore, the helium gas is excellent especially in high trans- 
mittance as well as in cooling performance and stability 
of the image formation characteristics of the optical sys- 
40 lem. However, the helium gas is expensive. Therefore, 
when the wavelength of the exposure light beam is not 
less than 150 nm as in the Fg laser, the nitrogen gas 
may be used as the transmissive gas in order to reduce 
the running cost. In this embodiment, the helium gas is 
45 used as the gas (hereinafter referred to as "purge gas") 
through which the exposure light beam IL Is transmitted, 
in view of, for example, the cooling performance and the 
stability of the image formation characteristics. 
[0038] Vacuum pumps 30A, SOB, 30C, which are pro- 
50 vided in order to discharge the internal gas including the 
light-absorbing substance, for example, via a piping 
• 32A. are connected in the illumination system chamber 
1, the reticle chamber 2, and the lens barrel 3 of this 
embodiment. Further, for example, the helium gas as 
55 the purge gas, which is compressed in a high purity state 
or which is liquefied, Is stored in a bomb in the gas sup- 
ply unit 26 installed at the outside of the chamber (not 
shown) in which the entire projection exposure appara- 
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tus of this embodiment is accom mo dated. The helium 
gas, which is taken out of the bomb if necessary, is con- 
trolled to have a predetermined pressure and a prede- 
termined temperature, and the helium gas is supplied to 
the interior of the illumination system chamber 1 . the ret- 
icle chamber 2, and the lens barrel 3 via pipings 27A. 
27B, 27C attached with eiectromagnetically opcnabic/ 
closable valves 28A, 28B, 28C. 

[0039] Concentration sensors 29A. 29B 2PiC which 
are pi^ovided to measure the concentration o' ihc li;5hi- 
absofbing substance, are connected at the instdc ol the 
illumination system chamber 1 , the reticle chnmbcr 2 
and the lens barrel 3, for example, via a pipmq 31 A 
Measured values obtained by the concentration sensors 
29A to 29C are supplied to the main control system 25 
Those usable as the concentration sensors 29A io 
include, for example, compound sensors obtained by 
combining, for example, oxygen concentration mciors 
dew point recorders as concentration meters for sicmhi. 
and sensors for carbon dioxide. When the concenlirttjon 
of the predetermined light-absorbing substance (oxy- 
gen, steam, and carbon dioxide in this embodiment) 
which is measured by each of the concentration sensors 
29A, 298, 29C, exceeds a previously set allov/;iblc con 
centration, the gas and the light-absorbing substance, 
which are contained In the illumination system chamber 
1 , the reticle chamber 2, and the lens barret 3. aro dis- 
charged by the main control system 25 by operating the 
vacuum pumps 30A, 308. 30C in the state in which iho 
respective valves 28A. 288, 28C are closed. After that, 
the high purity purge gas at a predetermined tempera- 
ture, is supplied until a predetermined pressure is 
achieved (normally 1 atom) to the interior of the illumi- 
nation system chamber 1 , the reticle chamber 2, or the 
lens barrel 3, by opening the valve 28A, 288. or 28C 
and operating the gas supply unit 26 by the main control 
system 25 via a piping 27A to a piping 27c. Accordingly, 
the internal pressure of the illumination system chamber 
1, the reticle chamber 2, or the lens barrel 3 becomes 
substantially equal to the pressure of the external air. 
After that, the valve 28A, 288, or 28C is closed. The con- 
centration of the light-absorbing substance at the inside 
of the corresponding illumination system chamber 1 . the 
reticle chamber 2, or the lens barrel 3 is not more than 
the allowable concentration respectively until a prede- 
termined period of time elapses from the operation de- 
scribed above. 

[0040] A purge guide plate 33 as the guide member 
of the present invention, which has an aperture formed 
at a central portion, is installed at the working distance 
region as defined between the wafer W and the optical 
member disposed at the tip of the projection optical sys- 
tem PL of this embodiment. A gas supply tube, which is 
communicated with a piping 27E equipped with an 
openable/closable valve 28E from the gas supply unit 
26, is arranged between the tip of the projection optical 
system PL and the purge guide plate 33. A plurality of 
gas discharge tubes, which are arranged at the outside 



of the space between the purge guide plate 33 and the 
wafer W, are connected to a piping 32E through the cov- 
er 4. The piping 32E is connected to a vacuum pump 
30E. Further, a piping 55, which is arranged in the vicin- 
5 ity of the outer circumference of the purge guide plate 
33, is connected to a concentration sensor 29E (con- 
structed in the same manner as the concentration sen- 
sor 29A) through the cover 4. The main control system 
25 controls the amount of supply of the purge gas toward 
10 the purge guide plate 33 supplied by the gas supply unit 
26. and the amount of discharge of the gas discharged 
by the vacuum pump 29E, on the basis of, for example, 
iho measured value obtained by the concentration sen- 
sor 29E. In this embodiment, it is possible to omit the 
'-^ operation for discharging the purge gas and the air ef- 
icciod by the vacuum pump 29E. When the gas-dls- 
cnarging operation is not pertonnedall the time, the dis- 
cnarge system including, for example, the vacuum 
pump 29E may not be provided. 

[0041] Detailed explanation will be made with refer- 
ence to Figs. 2 and 3 for the mechanism for supplying 
the purge gas to the space between the projection op- 
tical system PL and the wafer W, In Fig. 2 and the fol- 
lowings, the cover 4 shown in Fig. 1 is omitted from the 
■^'^ iliuslration. 

[0042] Fig. 2 shows a sectional view illustrating an in- 
ternal arrangement of those ranging from the projection 
optical system PL to the wafer stage 23 shown in Fig. 
1 With reference to Fig. 2 Iho projection optical system 
^0 PL. which is composed of the cata-dioptric system of 
this embodiment, is constructed by a first image-forming 
optical system K1 for forming a primary image (interme- 
diate image) I of the pattern on the reticle R, and a sec- 
ond image-forming optical system K2 for forming a sec- 
35 ondary image of the reticle pattern with a reduction mag- 
nification on the wafer W as the photosensitive substrate 
on the basis of the light beam coming from the primary 
image I. 

[0043] The first imago-forming optical system K1 

-to comprises, in an order from the reticle side, a first lens 
group G1 having a positive refracting power, an aperture 
diaphragm S, and a second lens group G2 having apos- 
ilive refracting power. Thelirsl lens group G1 comprises, 
in an order from the reticle side, a positive meniscus lens 
•^5 L11 having a non-sphcricRl convex surface directed to 
the reticle side, a positive meniscus lens LI 2 having a 
non-spherical convex suiface directed to the reticle 
side, and a positive meniscus lens L13 having a non- 
spherical concave surface directed to the wafer side. 
so The second lens group G2 comprises, in an order from 
the reticle side, a biconcave lens 1.21 having a surface 
on the reticle side fonmod to bo non-spherical, a bicon- 
vex lens L22 having a surface on the reticle side formed 
to be non-spherical, a positive meniscus lens I_23 hav- 
55 ing a non-spherical convex surface directed to the wafer 
side, and a positive meniscus lens L24 having a non- 
spherical concave surface directed to the wafer side. 
Further, a circular center shield memberSP for shielding 
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the light beam in the vicinity of the optical axis AX Is 
an-anged at a position separated by a predetermined 
spacing distance from the aperture diaphragm S in the 
direction of the optical axis AX. 
[0044] On the other hand, the second image-forming 
optical system K2 comprises;, in an orderf rom the reticle 
side, a primary mirror Ml which has a surface reflection 
surface R1 with a concave surface directed to the wafer 
side and which has a central aperfu re (light-transmitting 
section) 61 , a lens component L2, and a secondary mir- 
ror M2 which is provided on the lens surface on the wafer 
side of the lens component L2 and which is provided 
with a reflection surface R2 having a central aperture 
62. That is, from another viewpoint, a back surfape re- 
flecting mirror is constructed by the secondary mirror M2 
and the lens component L2, and the lens component L2 
constitutes a refracting section of the back surface re- 
flecting mirror. In this arrangement, for eixample, It is de- 
sirable to satisfy a relationship of 0.7 < ipi/p2l < 3.5 pro- 
vided that pi represents the Image formation magnifi- 
cation of the first image-forming optical system K1 , and 
P2 represents the image fomiation magnification of the 
second image-forming optical system K2. 
[0045] All of the optical elements (G1 , G2, Ml , M2), 
which constitute the projection optical system PL, are 
arranged along the single optical axis AX. The primary 
mirror M1 is arranged in the vicinity of the position of 
formation of the primary image I. The secondary mirror 
M2 is arranged closely to the wafer W. 
[0046] Thus, in this embodiment, the light beam from 
the pattern on the reticle R forms the primary image (in- 
termediate image) I of the reticle pattern via the first im- 
age-forming optical system K1 . The light beam from the 
primary image I is reflected by the primary mirror Ml via 
the central aperture 61 of the primary mirror Ml and the 
lens component L2. The light beam, which is reflected 
by the primary mirror Ml , forms, at a reduction magni- 
fication, a secondary image of the reticle pattern on the 
surface of the wafer W via the lens component L2 and 
the central aperture 62 of the secondary mirror M2. In 
the illustrative embodiment shown in Fig. 2, the Image 
fomiation magnification pi of the first image-forming op- 
tical system K1 is 0.6249, and the image formation mag- 
nification p2 of the second image-forming optical system 
K2 is 0.4000. The projection magnification p from the 
reticle R to the wafer W is 0.25 (1/4-fold). 
[0047] In this embodiment, fluorile (cryslal of CaF2) is 
used for all of the refractive optical members (lens com- 
ponents) for constructing the projection optical system 
PL. The oscillation central wavelength of the F2 laser 
beam as the exposure light beam is 1 57.6 nm. The chro- 
matic aberration Is corrected for the light beam having 
a wavelength width of 157.6 nm ± 10 pm. Further, vari- 
ous aberrations including, for example, the spherical ab- 
erration, the astigmatism, and the distortion aberration 
are also corrected in a well-suited manner. Further, in 
order to maintain the good image formation perform- 
ance by suppressing the surface change of the reflec- 



tion surface of the primary mirror Ml with respect to the 
temperature change, the support member for support- 
ing the reflection surface R1 of the primary mirror M1 is 
fomned with a substance having a coefficient of linear 
5 expansion of not more than 3 ppm/*C, for example, ti- 
tanium silicate glass. Those usable as the titanium sili- 
cate glass include, for example, ULE (Ultra Low Expan- 
sion: trade name) produced by Corning. 
[0048] In the projection optical system PL of this em- 
10 bodlment, all of the optical elements for constructing the 
cata-dioptric optical system are arranged along the sin- 
gle optical axis. Therefore, for example, the chromatic 
aberration can be reduced by using the reflecting mem- 
ber. Further, the lens barrel can be designed and pro- 
15 duced by a technique which may be readily anticipated 
from the conventional normal cylinder type refracting 
system. It is possible to realize a high accuracy without 
suffering from any difficulty in production. 
[0049] In this embodiment, the first image-forming op- 
20 tical system K1 and the second Image-forming optical 
system K2 are supported in a state of being tightly en- 
closed in the single lens barrel 3. That is, the lenses L11 
to L24, the primary mirror Ml , and the lens component 
L2 (secondary mirror M2) are held in the lens barrel 3 
25 by the aid of lens frames respectively. A ventilation hole 
for allowing the gas to pass therethrough Is formed 
through each of the lens frames for the optical members 
ranging from the lens LI 2 to the primary mirror M1 . The 
lens frame for the lens L11 disposed at the uppermost 
30 stage and the lens frame 8A for the lens component L2 
(secondary mirror M2) disposed at the lowermost stage 
(tip portion) are tightly enclosed respectively. 
[0050] As having been explained with reference to 
Fig. 1 , the piping communicating with the concentration 
35 sensor 29C, the piping 32C communicating with the vac- 
uum pump 30C, and the piping 27C communicating with 
the gas supply unit 26 are connected at the inside of the 
. lens barrels. The interior of the lens barrel 3 is filled with 
the high purity purge gas owing to the members de- 
40 scribed above. 

[0051] The spacing distance of the working distance 
region of this embodiment. I.e., the spacing distance d1 
between the wafer W and the secondary mirror M2 as 
the optical member disposed at the tip of the projection 
45 optical system PL is about 1 0 mm. The purge guide plate 
33, which has a thickness of about 1 mm, is installed at 
an approximately middle posllion of the working dis- 
tance region. A circular guide hole 33a, which serves as 
an aperture for allowing the exposure light beam IL (im- 
50 age-forming light flux) coming into the wafer W to pass 
therethrough, is formed at a central portion of the purge 
guide plate 33 (in the vicinity of the field center about 
the center of the optical axis AX in this embodiment). 
The guide hole 33a is used as the aperture for allowing 
55 the image-forming light flux (exposure light beam IL) as 
the exposure beam to pass therethrough and as the ap- 
erture for allowing the purge gas to pass therethrough. 
[0052] The portion, which ranges from the outer cir- 
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cumference of the purge guide plate 33 to the side sur- 
face of the lens barrel 3, is tightly enclosed. Two gas 
supply tubes 27Ea, 27Eb are arranged at the portion so 
that the gas supply tubes 27Ea, 27Eb are opposed to 
one another with the optical axis AX intervening there- 
between. The gas supply tubes 27Ea. 27Eb are con- 
nected to the gas supply unit 26 via the piping 27E 
equipped with the valve 28E. Therefore, the space be- 
tween the secondary mirror M2 (lens connponent L2) 
and tl;ie purge guide plate 33 resides In a tightly en- 
closecl structure except for the guide hole 33a. A plural- 
ity of gas discharge tubes 32Ea, 32Eb are installed in 
the vicinity of the side surface portions of the space be* 
tween the purge guide plate 33 and the wafer W. The 
gas discharge tubes 32Ea, 32Eb are connected to the 
vacuum pump 30E via the piping 32E. 
[0053] Actually, as shown in Fig. 3 which is a plan view 
of the purge guide plate 33 shown in Fjg. 2, the eight 
gas discharge tubes 32Ea lo 32Eh are arranged at ap- 
proximately equal angle intervals at outer circumferen- 
tial portions of the purge guide plate 33. The gas dis- 
charge tubes 32Ea to 32Eh are connected to the vacu- 
um pump 30E via the piping 32E shown in Fig. 2 respec- 
tively. As shown in Fig. 3, an autofocus sensor 63, 64, 
which is composed of a projection optical system 63 for 
projecting slit images onto a plurality of measuring 
points on the surface of the wafer with an illumination 
light beam 65 and a light-collecting optical system 64 for 
receiving reflected light beams from the slit images to 
generate a focus signal Including focus position infor- 
mation at each of the measuring points, is arranged so 
that the autofocus sensor 63, 64 does not make any me- 
chanical interference with the gas discharge tubes 32Ea 
to 32Eh. 

[0054] With reference to Fig. 2 again, the arrange- 
ment of the gas supply tubes 27Ea, 27Eb is not limited 
to the arrangement at the two positions as well. The gas 
supply tubes may be arranged at a plurality of positions 
of not less than three positions at approximately equal 
angle intervals around the purge guide plate 33. 
[0055] In this embodiment, a first method for supply- 
ing the purge gas is adopted as follows. That is, the 
valve 28E is in the open state during the exposure. The 
high purity purge gas (helium gas in this embodiment) 
as the gas through which the exposure light beam IL is 
transmitted is continuously supplied toward the central 
portion between the lip of Ihe projection optical system 
PL and the purge guide plate 33 from the gas supply 
unit 26 via the piping 27E and the gas supply tubes 
27Ea, 27Eb. On the other hand, the operation of aspi- 
rating the purge gas or the like by the vacuum pump 30E 
is not performed. When the measured value of the con- 
centration of the light-absorbing substance, which is ob- 
tained by the concentration sensor 29E shown in Fig. 1 , 
Is increased, the supply amount of the purge gas is in- 
creased. 

[0056] In this procedure, the high purity purge gas, 
which is Introduced from the gas supply tubes 27Ea. 
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27Eb into the space between the tip of the projection 
optical system PL and the purge guide plate 33, flows 
through the space toward the' center of the guide hole 
33a as the field center, and then the purge gas flows 
through the interior of the guide hole 33a toward the wa- 
fer (in the same direction as the traveling direction of the 
exposure light beam IL). The flow of the purge gas in 
the Interior of the guide hole 33a is referred to as "down- 
flow". The purge gas, which is subjected to the downflow 
as described above, outflows to the space between the 
purge guide plate 33 and the wafer W, and then the 
purge gas flows outwardly from the exposure section 
(central portion) as indicated by arrows 66, 
[0057] During the process of the flow of the purge gas, 
the downflow of the purge gas occurs in the direction 
opposite to the ordinary diffusion direction (direction to- 
ward the projection optical system PL) of the release gas 
containing the light-absorbing substance generated 
from the wafer W, especially the release gas from the 
photoresist applied onto the wafer W. As a result, the 
release gas from the wafer W is almost prevented from 
counterflow toward the space over the purge guide plate 
33. The release gas flows away ifrom the field center to 
the sunroundings as if the release gas is drawn and 
caught by the downflow of the purge gas. The purge gas 
containing the release gas generated from the wafer W, 
especially the release gas from the photoresist applied 
onto the wafer W is hereinafter referred to as "gas con- 
taining the light-absorbing substance". 
[0058] As described above, in this embodiment, the 
decrease in transmittance, which would be otherwise 
caused by the adhesion of the release gas from the wa- 
fer W to the optical member disposed at the tip of the. 
projection optical system PL, can be suppressed by 
means of the downflow of the gas containing the light- 
absorbing substance. It is possible to maintain the uni- 
formity of the exposure light beam IL (image-forming 
light flux) by discharging the light-absorbing substance 
contained in the release gas. Accordingly, it is possible 
to maintain high image formation characteristics of the 
projection optical system PL. Consequently, it is possi- 
ble to enhance the line width uniformity of the circuit pat- 
tern to be formed on the wafer W, it is possible to allow 
a sufficient amount of light to arrive at the exposure sur- 
face of the wafer W, and it is possible to increase the 
throughput of the exposure step. 
[0059] Further in this embodiment, the purge guide 
plate 33 fomns the flat plane. The bottom surface of the 
optical member (secondary mirror M2) at the tip of the 
projection optical system PL disposed thereover, and 
the bottom surface of the lens frame 8A are located on 
a substantially identical plane parallel to the purge guide 
plate 33. Further, the upper surface 23a of the wafer 
stage 23 disposed under the purge guide plate 33, the 
upper surface of the wafer holder 22, and the exposure 
surface of the wafer W are located on a substantially 
identical plane parallel to the purge guide plate 33. 
Therefore, the purge gas can flow extremely smoothly 
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through the space over and under the purge guide plate 
33. The light-absorbing substance is efficiently dis- 
. charged toward the outer circumferential ponions. 
[0060] In another viewpoint, a second method for sup- 
plying the purge gas is adopted as follows. That is, the 5 
operation is performed, in which the high purity purge 
gas is continuously supplied toward the cantor botwoon 
the purge guide plate 33 and the tip of the projection 
optical system PL from the gas supply unit 26 via the 
gas supply tubes 27Ea, 27Eb during the exposure con- fo 
currently with which the vacuum pump 30E is used lo 
continuously aspirate the gas via the piping 32E nnc the 
gas discharge tubes 32Ea to 32Eh (see Fig. 3) When 
the measured value of the concentration of the hghi ab- 
sorbing substance, which is obtained by the conconlrH- ^5 
tion sensor29E shown in Fig. 1 , is increased, ihc supply 
amount of the purge gas and the aspiration rtmouni of 
the gas are Increased. In this embodiment, almost all of 
the purge gas which outflows to the outside and Itic dry 
air which flows at the outside are aspirated by the vnc- 
uum pump 30E via the gas discharge tubes 32Ea to 
32Eh. Therefore, It is possible to prevent the gas con- 
taining the light-absorbing substance flowing through 
the space between the purge guide plate 33 and Ihc wa 
fer W from leakage from the outer circumferential por- 
tion of the wafer stage 23 to the external space. 
[0061] In this procedure, it is desirable that the dis- 
charge rate of the gas (volume of the gas aspiraied por 
unit time) with the gas discharge tubes 32Ea to 32Eh is 
set to be larger than the supply rate of the gas (volume 3o 
of the gas emitted per unit time) with the gas supply 
tubes 27Ea, 27Eb for the purge gas. Accordingly, not 
only the gas containing the light-absorbing substance 
but also the atmosphere in the.vicinity of the wafer stage 
23 (dry air in this embodiment) are aspirated. Usually. 35 
the flow of the atmosphere is a flow in the direction di- 
rected from the wafer stage 23 toward the exposure ar- 
ea (central portion of the downflow of the high purity 
purge gas). Accordingly, the gas containing impurities 
is prevented from outflow from the space over the wafer -^o 
stage 23 to the external space. It is possible to reduce 
the change of refractive index in the atmosphere at the 
outer circumference of the wafer stage 23 as less as 
possible. Accordingly, it is possible to decrease the fluc- 
tuation of the optical path for the laser beam of the laser 
interferometer for measuring the position of the wafer 
stage 23, and it is possible lo improve the positioning 
accuracy of the wafer stage 23. Further, it is also possi- 
ble to improve the measurement accuracy of the focus 
position of the autofocus sensor 63, 64. so 
[0062] The high purity purge gas can be supplied par- 
ticularly and dominantly to the surroundings of the ex- 
posure section on the wafer in an efficient manner by 
realizing the flow of the high purity purge gas over the 
wafer stage 23 without disturbing the external atmos- 55 
phere. Simultaneously, it is possible to further decrease 
the detection error which would be otherwise caused in 
the autofocus sensor 63. 64 and the interferometer for 



positioning the wafer stage 23 by any variation in refrac- 
tive index due to the mixing of the high purity purge gas 
and'the surrounding atmosphere of the wafer stage 23. 
[0063] In the embodiment described above, the reticle 
stage 21 may be placed over the reticle base not shown 
in Fig. 1 by the aid of an air bearing, and the wafer stage 
23 may be'placed over the wafer base 24 by the aid of 
an air bearing. In this arrangement, it is desirable that a 
gas. which is obtained by once recovering the helium 
gas (or nitrogen gas or the like) supplied to at least one 
of the internal spaces of the illumination system cham- 
ber 1 , the reticle chamber 2, and the lens barrel 3 of the 
projection optical system PL and the space over the up- 
per surface of the wafer W, is used as a buffering gas. 
In ihis arrangement, the helium gas orthe like, which is 
supplied to the stages, may be possibly contaminated 
with various impurities. Therefore, the gas may be sup- 
plied again after allowing the gas to pass through vari- 
ous fillers for removing^ for example, oxygen, water, car- 
bon dioxide gas, organic matters, and halides. 
[0064] Next, a second embodiment of the present in- 
vention will be explained with reference to Fig. 4. In Fig. 
4.. components or parts corresponding to those shown 
in Figs. 1 and 2 arc designated by the same reference 
numerals, detailed explanation of which will be omitted. 
[0065] Fig. 4 shows a sectional view illustrating an ar- 
rangement of those ranging from a projection optical 
system PL1 to a wafer stage 23 of a projection exposure 
apparatus of this embodiment. In Fig. 4, an Fg laser 
beam as a vacuum ultraviolet light beam is used for the 
exposure light beam IL. The projection optical system 
PL1 of this embodiment, which is composed of a cata- 
dioptric optical system, also comprises a first image- 
forming optical system K1 for forming ah intennediate 
image (primary image) of Ihe pattern on the reticle R, 
and a second image-forming optical system K2 of the 
cata-dioptric type for forming a final image of the reticle 
pattern with a reduction magnification on the wafer W 
as the photosensitive subslrale on the basis of the light 
beam coming from the intermediate image. 
[0066] The first imago-forming optical system K1 
comprises, in an order from Ihc reticle side, a first lens 
group G1 having a positive relracling power, an aperture 
diaphragm S, and a second lens group G2 having a pos- 
itive refracting power. The first lens group G1 comprises, 
in an order from the reticle side, a meniscus lens L31 
having a non-spherical convex surface directed lo the 
reticle side, a biconvex lens L32 having a non-spherical 
convex surface directed lo the reticle side, a meniscus 
lens L33 having a non-spherical concave surface direct- 
ed to the wafer side, and a meniscus lens L34 having a 
non-sphcrical convex surface directed to the reticle 
side. The second lens group G2 comprises, in an order 
from the reticle side, a meniscus lens L41 having a non- 
spherical convex surface directed to the reticle side, a 
biconvex lens L42 having a non-spherical convex sur- 
face directed to the wafer side, and a meniscus lens L43 
having a non-spherical concave surface directed to the 
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wafer side. A center shield member SP for shielding the 
light beam in the vicinity of the optical axis AX is ar- 
ranged at a position different from that of the aperture 
diaphragm S by a predetermined spacing distance in the 
direction of the optical axis AX. 5 
[0067] On the other hand, the second image-forming 
optical system K2 comprises, in an order from the reticle 
side, a primary mirror M3 which has a central aperture . 
(light-transmitting section) 61 A and which has a reflec- 
tion surface R3 having a negative refracting power with io 
a concave surface directed to the wafer side, a lens 
component L4, and a secondary mirror M4 which Is pro- 
vided with a reflection surface R4 having a central ap- 
erture 62A. The lens component L4 is a negative me- 
niscus lens with a non-spherical concave surface direct- '5 
ed to the wafer side. That is, all of the optical elements 
(G1, G2, M3, L4, M4), which constitute the projection 
optical system PL1 , are arranged along the single opti- 
cal axis AX1 . The primary mirror MS is arranged in the 
vicinity of the position of fomiation of the intermediate 
image. The secondary mirror M4 is arranged closely to 
the wafer W. In this embodiment, the exposure light 
beam IL (image-forming light flux) from the pattern on 
the reticle R forms the intermediate image by the aid of 
the first image-forming optical system K1 . The image- 25 
forming light flux from the intermediate image passes 
through the aperture 61 A of the primary mirror MS, and 
the light flux is. reflected by the reflection surface R4 of 
the upper surface of the secondary mirror M4 via the 
lens component L4. After that, the light flux passes so 
through the lens component L4, and the light flux is re- 
flected by the reflection surface R3 of the primary mirror 
M4. The light flux passes through the lens component 
L2 and the aperture 62A of the secondary mirror M4 
again, and the light flux comes into the wafer W. 35 
[0068] In this embodiment, those ranging from the first 
image-forming optical system K1 to the lens component 
L4 of the second image-forming optical system K2 are 
supported in a state of being tightly enclosed in the sin- 
gle lens ban-el 3A. That is, the lenses L31 to L43, the 
primary mirror M3, the lens component L4, and the sec- 
ondary mirror M4 are held in the lens barrel 3A by the 
aid of lens frames respectively. A ventilation hole for al- 
lowing the gas to pass therethrough is formed through 
each of the lens frames for the optical members ranging ^5 
from the lens L32 to the primary mirror M3. The lens 
frame for ihe lens L31 disposed at the uppermost stage 
and the lens frames 8B, 8C for the lens component L4 
disposed at the lowermost stage (tip portion) and the 
secondary mirror M4 are tightly enclosed respectively. so 
[0069] In the same manner as in the first embodiment, 
the piping communicating with the concentration sensor 
29C, the piping 32C communicating with the vacuum 
pump 30C, and the piping 27C communicating with the 
gas supply unit 26 are connected at the inside of the 55 
space including the primary mirror M4 of the lens barrel 
3A. The interior of the space including the primary mirror 
M4 is filled with the high purity purge gas owing to the 



members described above. 

[0070] Two gas supply tubes 27Ea, 27Eb are ar- 
ranged at side surface portions of the lens barrel 3A be- 
tween the lens component L4 and the secondary mirror 
M4 so that the gas supply tubes 27Ea, 27Eb are op- 
posed to one another with the optical axis AX1 interven- 
ing therebetween. The gas supply tubes 27Ea, 27Eb are 
connected to the gas supply unit 26 via the piping 27E. 
Therefore, the space between the secondary mirror M4 
and the lens component L4 resides in a tightly enclosed 
structure except for the aperture 62A. In this embodi- 
ment, the secondary mirror M4 also serves as the purge 
guide plate 33 in the first embodiment. Therefore, the 
aperture 62A also serves as the guide hole 33a in the 
first embodiment. 

[0071] A plurality of gas discharge tubes 32Ea, 32Eb 
are installed in the vicinity of the side surface portions 
of the space between the secondary mirror M4 and the 
wafer W. The gas discharge tubes 32Ea, 32Eb are con- 
nected to the vacuum pump 30E via the piping 32E. Also 
in this embodiment, for example, the gas discharge 
tubes 32Ea and 32 Eb actually have eight tubes ar- 
ranged at approximately equal angle intervals. The oth- 
er arrangement is the same as that of the first embodi- 
ment shown in Fig. 1 . 

[0072] In this embodiment, in order to supply the 
purge gas to the region in the vicinity of the exposure 
area of the wafer W, the operation is performed, in which 
the high purity purge gas is continuously supplied to- 
ward the center between the secondary mirror M4 and 
the lens component L4 of the projection optical system 
PL1 from the gas supply unit 26 via the gas supply tubes 
27Ea, 27Eb during the exposure, concurrently with 
which the vacuum pump 30E is used to continuously as- 
pirate the gas via the piping 32E and the gas discharge 
tubes 32Ea and 32Eb, That Is, when the aperture 62A 
is formed for the optical member (secondary minror M4) 
disposed at the tip of the projection optical system PL1 
as in this embodiment, it is unnecessaiy to daringly in- 
stall the purge guide plate. The space between the lens 
component L4 and the secondary mirror M4 is filled with 
the high purity purge gas, and the gas is further pressu- 
rized. Accordingly, the high purity purge gas causes the 
downflow toward the wafer W as indicated by arrows 67. 
The light-absorbing substance is allowed to flow toward 
the outer circumferential portions together with the 
purge gas in the same manner as in the first emlpodi- 
ment. 

[0073] Further in this embodiment, even when the 
spacing distance d2 of the working distance region be- 
tween the wafer W and the optical member (secondary 
mirror M4) disposed at the tip of the projection optical 
system PL1 is narrow, it is possible to supply the high 
purity purge gas in a form of downflow toward the wafer 
W. 

[0074] Further, It is possible to reduce the amount of 

diffusion of the gas containing the light-absorbing sub- 
stance to the outer circumferential portions of the wafer 
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stage 23 owing to the installation of the gas discharge 
tubes 32Ea, 32Eb for aspirating the gas containing the 
light-absorbing substance. It is possible to improve the 
positioning accuracy of the wafer stage 23 and the 
measurement accuracy of the autofocus sensor 
[0075] A modified embodiment of the second embod- 
iment will be explained with reference to Fig. 5. With ref- 
erence to Fig. 5 in which components or parts corre- 
sponding to those shown in Fig. 4 are designated by the 
same reference numerals, a projection optical system 
PL2 of this modified embodiment is different from the 
projection optical system PL1 shown in Fig. 4 in that a 
second Image-forming optical system K2 comprises a 
primary mirror M5 having an aperture 61 B and a sec- 
ondary mirror M6 having an aperture 62B. In this ar- 
rangement, the image-forming light flux from the Inter- 
mediate image comes Into the wafer W via the aperture 
61B of the primary mirror M5, the reflection surface R6 
of the secondary mirror M6, the reflection surface R5 of 
the primary mirror M5, and the aperture 62B of the sec- 
ondary mirror M6. 

[0076] In this modified embodiment, two gas supply 
tubes 27Ea, 27Eb are arranged at side surface portions 
of the lens barrel 3A between the primary mirror M5 and 
the secondary mirror M6 so that the two gas supply 
tubes 27Ea, 27Eb are opposed to one another with the 
optical axis AX1 intervening therebetween. The gas 
supply tubes 27Ea, 27Eb are connected to the gas sup- 
ply unit 26 via the piping 27E. The other arrangement is 
the same as that of the embodiment shown in Fig. 4. 30 
[0077] in this modified embodiment. In order to supply 
the purge gas to the region in the vicinity of the exposure 
area of the wafer W, the operation is performed, in which 
the high purity purge gas is continuously supplied to- 
ward the center between the secondary mirror M6 and 35 
the primary mirror M5 of the projection optical system 
PL1 from the gas supply unit 26 via the gas supply tubes 
27Ea, 27Eb during the exposure, concurrently with 
which the vacuum pump 30E is used to continuously as- 
pirate the gas via the piping 32 E and the gas discharge 
tubes 32Ea and 32Eb. That is, even when the aperture 
62B is also formed for the optical member (secondary 
mirror M4) disposed at the tip of the projection optical 
system PL2 as in this modified embodiment, it is unnec- 
essary to daringly Install the purge guide plate. The 
space between the primary mirror M5 and the second- 
ary mirror M6 is filled with the high purity purge gas, and 
the gas is fuither pressurized. Accordingly, the high pu- 
rity purge gas causes the downflow toward the wafer W 
as indicated by arrows 68. The light-absorbing sub- so 
stance is allowed to flow toward the outer circumferen- 
tial portions together with the purge gas in the same 
manner as in the embodiment shown in Fig. 4. 
[0078] Next, a third embodiment of the present Inven- 
tion will be explained with reference to Figs. 6 to 8. In 55 
Figs. 6 to 8, components or parts corresponding to those 
shown in Figs. 1 and 2 are designated by the same ref- 
erence numerals, detailed explanation of which will be 



omitted. 

[0079] Fig. 6 shows a sectional view illustrating an ar- 
rangement of those ranging from a projection optical 
system PL to a wafer stage 23 of a projection exposure 
5 apparatus of this embodiment. With reference to Fig. 6, 
a measuring laser beam LBx is radiated from a laser 
interferometer 44 onto a reflection surface (alternatively 
a movement mirror) of a side surface In the +X direction 
of a wafer stage 23. The laser beam LBx Is actually com- 
10 posed of laser beams based on a plurality of axes, for 
example, of three or more axes. The laser interferom- 
eter 44 measures the X coordinate, the angle of rotation 
about the Y axis (rolling amount), and the angle of rota- 
tion about the Z axis (yawing amount) of the wafer stage 
'5 23 by receiving an interference light beam of the laser 
beam LBx and an un illustrated reference beam. Meas- 
ured values are supplied to a main control system 25. 
Similarly, a laser Interferometer (not shown) is also ar- 
ranged to radiate a laser beam onto the reflection sur- 
face of a side surface in the Y direction of the wafer stage 
23. The Y coordinate and the angle of rotation about the 
X axis (pitching amount) of the wafer stage 23 are meas- 
ured by the laser Interferometer. The main control sys- 
tem 25 controls the position, the movement velocity, and 
the angle of rotation of the wafer stage 23 on the basis 
of the measured values by the aid of an unlllustrated 
wafer stage-driving system. 

[0080] In this embodiment, the purge guide plate 33 
shown in Fig. 2 is not installed in the working distance 
region between the wafer W and the secondary mirror 
M2 which is the tip of the projection optical system PL. 
For this arrangement, a gas supply tube 41, which is 
connected to a gas supply unit 26 via a piping 27E, is 
installed on a side surface in the -X direction of the work- 
ing distance region. A gas discharge tube 42, which is 
connected to a vacuum pump 30E via a piping 32E, Is 
installed on a side surface in the +X direction of the 
working distance region. The gas isupply tube 41 and 
the gas discharge tube 42 are arranged symmetrically 
in relation to the center (which coincides with the optical 
axis AX In this embodiment) of the exposure area on the 
wafer W. Further, the tip of the piping 32E connected to 
the gas discharge tube 42 has a flexible structure. A 
slide unit 43 for shifting the gas discharge tube 42 in the 
vertical direction (Z direction) Is arranged in the vicinity 
of the lower side surface of the projection optical system 
PL. 

[0081] Fig. 7 shows a plan view of the projection op- 
tical system PL shown in Fig. 6. With reference to Fig. 
7, the tip (gas supply port) of the gas supply tube 41 Is 
widened to be approximately not less than the width of 
the secondary mirror M2, I.e., not less than the width of 
the exposure area on the wafer. The tip (gas discharge 
port) of the gas discharge tube 41 is widened to be ap- 
proximately the same as the width of the gas supply port, 
or slightly wider than the width of the gas supply port. 
Accordingly, almost all of the purge gas supplied from 
the gas supply tube 4 1 flows into the gas discharge tube 
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42 as indicated by arrows 69. The gas supply tube 41 
and the gas discharge tube 42 are arranged in a direc- 
tion intersecting the X axis (Y axis) by about 45*', i.e.. in 
the diagonal direction of the upper surface of the wafer 
stage 23 shown in Fig. 6. Accordingly, the following ad- 
vantage is obtained. That is, even when the purge gas 
Is supplied, the optical path, for example, for the laser 
beam LBx of the laser interferometer 44 is less fluctuat- 
ed. Further, for example, the positioning accuracy of the 
wafer stage 23 is improved. 

[0082] With reference to Fig. 6 again, the valve 28E 
is in the open state in a state in which the entire upper 
surface of the wafer stage 23 is substantially located be- 
tween the tip of the gas supply tube 41 and the tip of the 
gas discharge tube 42 so that the high purity purge gas 
is supplied to the working distance region at a predeter- 
mined flow rate per unit time from the gas supply unit 
26 via the piping 27E and the gas supply tube 41 in this 
embodiment. The tip of the gas discharge tube 42 is sub- 
stantially arranged on the side surface of the working 
distance region. Accordingly, the high purity purge gas. 
which outflows from the gas supply tube 41 , passes over 
the exposure section on the wafer W. The purge gas 
travels in company with the release gas released from 
the wafer W, and the purge gas is introduced into the 
gas discharge port 1 5 which is installed at the end in the 
diagonal direction of the wafer stage 13. As described 
above, this embodiment differs in that the flow of the 
purge gas In a form of laminar flow is realized in the di- 
rection perpendicular to the optical axis AX of the pro- 
jection optical system PL, unlike the downflow of the 
high purity purge gas about the center (optical axis) of 
the exposure area as in the first and second embodi- 
ments described above. In this arrangement, it is need- 
less to say that the formation of the laminar flow of the 
purge gas is important, for the following reason. That is, 
if a flow of turbulence arises, then it is impossible to en- 
sure the uniformity of the density of the purge gas, and 
any distribution of refractive index can occur. As a result, 
it is feared that any uneven exposure may occur for the 
exposure pattern. 

[0083] The flow of the purge gas is depicted over the 
wide area over the wafer in Fig, 7 in this embodiment. 
However, it is clear that the effect of the present inven- 
tion is also obtained by only causing a flow of the purge 
gas along only the diagonal direction including the por- 
tion disposed in the vicinity of the center of the exposure 
area. Also in this embodiment, the high purity purge gas 
can be supplied to the region over the exposure area on 
the wafer W, even when the spacing distance of the 
working distance region is short, in the same manner as 
in the second embodiment. 

[0084] Next, explanation will be made for the opera- 
tion to be performed when the end (reflection surface 
23X) of the wafer stage 23 arrives at a position approx- 
imately located between the tip of the gas supply tube 
41 and the tip of the gas discharge tube 42 as shown in 
Fig. 8 in this embodiment. In this embodiment, it is as- 
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sumed that the flow of the purge gas over the wafer 
stage 23 is the uniform flow in the form of laminar flow. 
However, it is thought that when the terminal end of the 
flow of the purge gas amves at the end of the wafer 
stage 23, the gas flow may be disturbed to be in a form 
of turbulence. In such a situation, the disturbed gas flow 
is mixed with the external atmosphere in a complex 
manner, and any variation occurs in the refractive Index 
thereby. Therefore, any bad influence is exerted on the 
measured values of the autofocus sensor and the laser 
interferometer 44 for positioning the wafer stage 23. Ac- 
cordingly, in this embodiment, the distance between the 
end of the wafer stage 23 and the exposure area is cal- 
culated from the measured value of the laser interfer- 
ometer 44, When the exposure area approaches the 
end of the wafer stage 23 as shown in Fig. 8, the flow 
rate or the flow passage of the purge gas is adjusted. 
Accordingly, the Influence of the refractive index, which 
is caused by the mixing of the purge gas and the external 
atmosphere at the end of the wafer stage 23, is mitigat- 
ed. 

[0085] Specifically, when the exposure area ap- 
proaches the end of the wafer stage 23 (optk:al path for 
the laser beam of the laser interferometer 44), the flow 
rate of the purge gas may be increased. Accordingly, 
even when the purge gas outflows from the end of the 
wafer stage 23 to the outside of the wafer stage 23, then 
the disturbance Is less exerted, and the amount of mix- 
ing of the purge gas and the external atmosphere is fur- 
ther decreased. Therefore, it is possible to suppress, to 
the minimum, the measurement en-or In the autofocus 
sensor system and the positioning system for the wafer 
stage 23 at the terminal end of the purge gas flow. 
[0086] In this embodiment, it is needless to say that 
the measurement error is further decreased by contin- 
uously changing the flow rate of the purge gas depend- 
ing on the distance between the end of the wafer stage 
23 and the exposure area. 

[0087] Concurrently with the operation for changing 
the flow rate as described above or separately from the 
operation, the position of the gas discharge tube 42 may 
be deviated downwardly with respect to the ordinary po- 
sition 42A by the aid of the slide unit 43 as shown In Fig. 
8. When the flow passage is changed as described 
above, then the purge gas, which Is diffused widely as 
compared with the ordinary situation, inflows into the 
gas discharge tube 42 highly efficiently, and the optical 
path for the laser beam LBx is less fluctuated. 
[0088] It is needless to say that the method for con- 
trolling the state (for example, the flow rate and the flow 
passage) of the purge gas as described above is also 
effective in the first embodiment and the second embod- 
iment, 

[0089] In the respective embodiments described 
above, it is assumed that helium (He) is used as the 
purge gas. However, in the case of any inert gas includ- 
ing, for example, nitrogen (N2) and rare gas (for exam- 
ple, argon (Ar)), the amount of absorption for the vacu- 
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um ultraviolet light beam is small, and especially the 
amount of absorption for the F2 laser beam is small in 
a degree of being almost negligible. Therefore, it is clear 
that good results are equivalently obtained even when 
any inert gas is used in the embodiments described 
above. Further, when the atmosphere of the space for 
surrounding the outer circumference of the wafer is filled 
with a gas of the same type as that of the high purity 
purge gas to realize an impurity concentration which is 
approximate to that of the high purity purge gas as close- 
ly as possible, It is possible to further decrease the 
amount of change of the refractive Index in the working 
distance region, even when the external air is mixed to 
some extent. Therefore, it is possible to reduce, to the 
minimum, the bad influence exerted on the autofocus 
sensor and the interferometer for positioning the wafer 
(wafer stage). 

[0090] Further, the release gas. which contains the 
light-absorbing substance released from the photoresist 
applied onto the wafer W, differs In amount and type de- 
pending on, for example, the temperature and the type 
of the photoresist. In such a situation, the amount and 
the type of the release gas from the photoresist may be 
previously investigated, and the flow rate of the high pu- 
rity purge gas may be adjusted depending on the pho- 
toresist. Specifically, when the amount of the release 
gas is small, and/or when the release gas is of a rela- 
tively heavy type in which molecules having short mean 
free paths occupy a dominant part, then the optical 
member disposed at the tip of the projection optical sys- 
tem can be prevented from adhesion of the release gas 
from the photoresist by decreasing the flow rate of the 
purge gas to be in a small amount. Accordingly, the light- 
absorbing substance can be excluded more reliably. On 
the other hand, it is possible to suppress, to the neces- 
sary minimum, the amount of consumption of the high 
purity purge gas which is generally expensive. It Is pos- 
sible to realize the decrease in cost as well. 
[0091] In the embodiment described above, the upper 
surface 23a of the wafer stage 23 is substantially the 
same plane as the surface of the wafer W. Therefore, 
th6 flow of the purge gas is in the state of being approx- 
imate to the uniform laminar flow. It is possible to effi- 
ciently exclude the release gas from the wafer W. How- 
ever, it Is needless to say that the present invention is 
also effective when any difference in height exists be- 
tween the upper surface of the wafer stage 23 and the 
surface of the wafer W. 

[0092] In the embodiment described above, the gas 
containing the light-absorbing substance is efficiently 
discharged from the optical path space (especially from 
the working distance region) containing the light-ab- 
sorbing substance. However, it is needless to say that 
the effect of the present invention is obtained more re- 
markably when the generation of the impurity itself is 
reduced. In other words, the foregoing explanation has 
been made while principally refen-ing to the exclusion of 
the release gas from the photoresist applied onto the 
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wafer W. However, the release gas. which is generated 
from those other than the photoresist, exerts bad influ- 
ences such as the decrease in illuminance and the un- 
even illuminance. Therefore, such a release gas may 

5 be fundamentally reduced. Especially, attention should 
be paid for, water molecules, hydrocarbon, and halide 
among the light-absorbing substances which are in is- 
sue herein. It is known that water molecules adhere in 
a large amount to the surface of the structural material. 

10 Such water molecules are gradually released from the 
surface of the structural material, and they gradually 
leak to the optical path including the working distance 
region (hereinafter referred to as "optical path space") 
in accordance with the interaction with the purge gas, 

IS for example, during the discharge in vacuum. It is also 
known that the amount of adsorption of the light-absorb- 
ing substance greatly differs depending on the surface 
state of the structural material. 

[0093] For example, the larger the surface area of the 

20 structural material is, the larger the number of molecules 
of the adhered light-absorbing substance is. Therefore, 
It is desirable that the optical path space is designed so 
that no fine structure is provided in order to decrease 
the surface area. For the same reason, it is preferable 

25 that the surface roughness of the structural material is 
reduced by performing the polishing by means of a 
method including the mechanical polishing, the electro- 
lytic polishing, the buffing, the chemical polishing, and 
GBB (Glass Bead Blasting). After applying the treatment 

30 as described above, an artifice may be applied to reduce 
the amount of the release gas from the surface of the 
. structural material by previously washing the surface of 
the structural material before the exposure of the circuit 
pattern in accordance with a technique including, for ex- 

35 ample, the ultrasonic washing, the spray of fluid such as 
clean dry air, and the vacuum heating degassing (bak- 
ing). 

[0094] It is also known that the light-absorbing sub- 
stance such as hydrocarbon and halide is released, for 

40 example, from the adhesive, the seal member (for ex- 
ample, the O-ring), and the electric wire-coating sub- 
stance existing in the optical path space. In the embod- 
iment described above, when the amount of generation 
of the light-absorbing substance is fundamentally sup- 

45 pressed beforehand by effecting the countermeasure 
including, for example, the exclusion of the installation 
of, for example, Ihe adhesive, the seal member (for ex- 
ample, the O-ring), and the electric wire-coating sub- 
stance containing hydrocarbon and halide in the optical 

50 path space as far as possible, and the utilization of ma- 
terials which generate less release gas, the effect of the 
present invention is obtained more remarkably in the 
same manner as in the treatment against water mole- 
cules described above. 

55 [0095] In the embodiment described above, the ar- 
rangement has been explained, in which the optical el- 
ements for constructing the illumination optical system 
are accommodated in the illumination system chamber 
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1 , and the Interior of the illumination system chamber 1 
is purged with the inert gas. However, each of the spac- 
es for the optical elements for constructing the illumina- 
tion optical system may be provided with a supply tube 
and a discharge tube for the inert gas to effect the purg- 
ing operation. Such an arrangement may be also adopt- 
ed for the projection optical system in the same manner 
as described above. 

[0096] Further, the concentration of the light-absorb- 
ing substance may be managed with different values, 
for example, for the illumination system chamber 1 
shown in Fig. 1 , the reticle chamber 2, the projection 
optical system PL, and the space (wafer space) be- 
tween the projection.optlcal system PL and the wafer W. 
In this arrangement, the concentration of the light-ab- 
sorbing substance may be managed in the reticle cham- 
ber 2 and the wafer space with values which are lower 
than those of the concentrations of the light-absorbing 
subslance in the illumination syslem chamber 1 and the 
projection optical system PL, because the movable 
mechanism such as the stage is provided in the reticle 
chamber 2 and the wafer space. 
[0097] Altematively, the concentration of the light-ab- 
sorbing substance may bo managed for each of the 
spaces for the optical elements for constructing the illu- 
mination optical system and the projection optical sys- 
tem PL. 

[0098] It is desirable that each of the casing (alterna- 
tively a cylindrical member) for constructing the cover 4 
for those ranging from the Illumination system chamber 
1 to the wafer-operating unit 7 shown in Fig. 1 and the 
pipings for supplying the helium gas or the like is formed 
of a material which generates the minimum amount of 
impurity gas (release gas) including, .for example, stain- 
less steel and various polymers such as those of ^ 
' tetrafluoroethylene, tetrafluoroethylene-terfluoro(alkyl 
vinyl ether), or tetrafluoroethylene- hexafluoropropene 
copolymer 

[0099] Further, it is desirable that the cable or the like 
for supplying the electric power, for example, to the driv- 4 
ing mechanism (for example, the reticle blind and the 
stage) in each of the casings is coated with a material 
which generates the minimum amount of the impurity 
gas (release gas) in the same manner as described 
above. 4i 
[0100] It Is clear that the present invention is not lim- 
ited to the projection exposure apparatus of the scan- 
ning exposure type, which is also applicable, for exam- 
ple, to a projection exposure apparatus of the full field 
exposure type (stepper type). The projection optical sys- sc 
tern provided for such a projection exposure apparatus 
is not limited to the cata-dioptric system as used in the 
embodiment described above, which may be a refract- 
ing system or a reflecting system. The magnification of 
the projection optical system is not limited to the reduc- 55 
tion magnification, which may be 1 x magnification or 
expansion. 

[0101] The present invention is especially effective 



when the ArF exclmer laser light beam (wavelength: 1 93 
nm) is used for the exposure light beam, and when the 
vacuum ultraviolet light-beam-havlng a wavelength of 
about 200 nm to 100 nm, i.e., the light beam in a wave- 
5 length region having large absorption with respect to ox- 
ygen including, for example, the Krg laser beam (wave- 
length: 146 nm), the Arg laser beam (wavelength: 126 
nm), the high hanmonic wave such as the YAG laser, 
and the high harmonic wave of the semiconductor laser 
10 Is used for the exposure light beam. 

[01 02] In place of the excimer laser, the Fg laser and 
the like, it is also allowable to use a high hamionic wave 
which is obtained such that a single wavelength laser in 
the infrared region or the visible region, which Is oscil- 
'5 lated from a DFB (Distribution Feedback) semiconduc- 
tor laser or a fiber laser is amplified with a fiber amplifier 
doped with, for example, erbium (Er) (or both of erbium 
and ynerbium (Yb)), followed by wavelength conversion 
into an ultraviolet light beam by using nonlinear optical 
^0 crystal. 

[0103] For example, assuming that the oscillation 
wavelength of the single wavelength laser Is within a 
range of 1 .544 to 1 .553 ixm, an 8-fold high harmonic 
wave within a range of 193 to 194 nm, i.e.. an ultraviolet 
25 light beam having approximately the same wavelength 
as that of the ArF excimer laser Is obtained. On the other 
hand, assuming that the oscillation wavelength is within 
a range of 1 .57 to 1 .58 jim, a 1 0-fold high harmonic wave 
wilhin a range of 157 to 158 nm. i.e.. an ultraviolet light 
beam having approximately the same wavelength as 
thai of the F2 laser is obtained. 

[0104] Further assuming that the oscillation wave- 
length is within a range of 1 .03 to 1 .12 ^m, a 7-fold high 
harmonic wave having a generated wavelength within a 
'5 range of 1 47 to 1 60 nm is outputted. Especially, assum- 
ing that the oscillation wavelength is within a range of 
1 .09 to 1 .106 .urn, a 7-fold high hannonic wave having 
a generated wavelength within a range of 157 to 158 
nm, I.e., an ultraviolet light beam having approximately 
0 the same wavelength as that of the Fg laser is obtained. 
In this case, for example, an ytterbium-dope-fiber laser 
can be used as the single wavelength oscillation taser 
[01 05] The projection exposure apparatus in the em- 
bodiment described above is assembled by adjusting 
' the illumination optical system and the projection optical 
system, and connecting the respective constitutive ele- 
ments electrically, mechanically, or optically. More spe- 
cifically, the projection exposure apparatus shown in 
Fig. 1 may be constructed such that the respective op- 
tical members described above for constructing the pro- 
jection optical system PL are subjected to positional ad- 
justment to assemble the projection optical system PL, 
the purge guide plate 33 is attached to the tip portion on 
the image plane side (wafer side) thereof, and then the 
mechanism for supplying the purge gas from the side 
surface to the space between the projection optical sys- 
tem PL and the purge guide plate 33 is Installed. Ac- 
cordingly, the projection exposure apparatus <:an be ef- 
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ficiently produced. On the other hand, the projection ex- 
posure apparatus shown in Fig. 6 may be constructed 
such that the projection optical system PL and the wafer 
stage 23 are arranged in the predetermined positional 
relationship, the mechanism for supplying the purge gas s 
from the side surface direction to the space between the 
projection optical system PL and the wafer stage 23 is 
an*anged, and then the slide unit 43 and other compo- 
nents for controlling the state of the flow of the purge 
gas depending on the position of the wafer stage 23 are io 
an-anged. It is desirable that the operation in this proce- 
dure is perfomried in a clean room in which the temper- 
ature Is managed. 

[01 06] The wafer W, for which the exposure has been 
perfonmed as described above, is subjected to, for ex- '5 
ample, the development step, the pattern formation 
step, the bonding step, and the packaging. Accordingly, 
a device such as a semiconductor element is produced. 
Further, the present invention is also applicable to the 
production of devices including, for example, display el- 
ements such as liquid crystal display elements and plas- 
ma displays, and thin film magnetic disks. The present 
invention is also applicable when a photomask for the 
projection exposure apparatus is produced. 
[0107] It is a matter of course that the present inven- 25 
tion is not limited to the embodiments described above, 
whk;h may be embodied in other various fomis without 
deviating from the gist or essential characteristics of the 
present invention. 
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INDUSTRIAL APPLICABILITY 

[0108] According to the first exposure method of the 
present invention, the guide member, which has the ap- 
erture at the field center, is provided in the space (work- 35 
ing distance region) between the substrate and the tip 
of the projection optical system on the side of the sub- 
strate as the exposure objective (second object). Alter- 
natively, the downflow is caused for the gas through 
which the exposure light beam is transmitted, toward the 
substrate from the aperture formed at the center of the 
optical member disposed at the tip. Accordingly, an ad- 
vantage is obtained such that the gas, through which 
the exposure light beam is transmitted, can be supplied 
with ease to the space between the projection optical 
system and the substrate as the exposure objective. 
Therefore, it is possible to maintain a high intensity of 
the exposure light beam on the substrate as the expo- 
sure objective. 

[01 09] The flow of the gas makes it possible to reduce so 
the decrease in illuminance due to the light absorption 
by the release gas and the phenomenon in which the 
release gas from the substrate adheres to the optical 
member disposed at the tip of the projection optical sys- 
tem to cause the decrease in illuminance of the expo- 55 
sure light beam. Further, the release gas from the sub- 
strate is efficiently discharged. Thus, it is possible to fur- 
ther enhance the uniformity of the exposure light beam, 



the amount of light sufficient for the exposure can be 
allowed to arrive at the exposure surface, it is possible 
to enhance the line width uniformity of the exposed cir- 
cuit pattern, and it is possible to furtherenhance the pro- 
duction speed (throughput) for electronic devices. 
[0110] According to the second exposure method of 
the present invention, the gas, through which the expo- 
sure light beam is transmitted, is allowed to flow in the 
form of laminar flow over the substrate as the exposure 
objective (second object) in an arbitrary direction of the 
optical member disposed at the tip of the projection op- 
tical system. Further, the state of the flow is controlled 
depending on the position of the stage. Thus, it is pos- 
sible to avoid the decrease in positioning accuracy of 
the stage. 

[0111] According to the exposure apparatus of the 
present invention, It is possible to carry out the exposure 
method of the present invention. According to the meth- 
od for producing the device of the present invention, it 
is possible to produce the device having high function 
at a high throughput. 

Claims 

1. An exposure method for exposing a second object 
via a projection optical system with an exposure 
light beam having passed through a pattern on a 
first object, the exposure method comprising: 

supplying a gas through which the exposure 
light beam is transmitted, from a tip or interior 
of the projection optical system toward an ex- - 
posure area on the second object. 

2. The exposure method according to claim 1 , wherein 
the gas, through which the exposure light beam is 
transmitted, is aspirated from the exposure area. 

3. The exposure method according to claim 2, wherein 
a supply passage which supplies the gas through 
which the exposure light beam is transmitted, to- 
ward an optical path tor the exposure light beam, 
and a discharge passage which discharges the gas 
from the optical path for the exposure light beam 
are provided between the tip of the projection opti- 
ca! system and the second object. 

4. An exposure method for. exposing a second object 
via a projection optical system with an exposure 
light beam having passed through a pattern on a 
first object, the exposure method comprising: 

supplying a gas through which the exposure 
light beam is transmitted, to a space between 
the projection optical system and the second 
object; and 

controlling a state of flow of the gas depending 
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7. 



on a position of a stage which positions the sec- 
ond object. 

The exposure method according to claim 4, wherein 
a flow rate of the gas is increased when an exposure 
area on the second object Is set at an end of the 
stage. 

An exposure apparatus for exposing a second ob- 
j^t via a projection optical system with an exposure 
light beam having passed through a pattern on a 
first object, the exposure apparatus comprising: 

a guide member which is arranged between the 
second object and the projection optical system 
and which is provided with an aperture for al- 
lowing the exposure light beam having passed 
through the projection optical system to pass 
therethrough; and 

a gas supply unit which supplies a gas through 
which the exposure light beam Is transmitted, 
through the aperture of the guide member to- 
ward the second object. 

The exposure apparatus according to claim 6, fur- 
ther comprising a gas-aspirating unit which aspi- 
rates the gas flowing through a space between the 
guide member and a surface of the second object 
toward an outer circumferential side of the second 
object. 
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wherein a height of an upper surface of the stage 
which positions the second object is substantially 
the same as a height of a surface of the second ob- 
ject. 

12. The exposure apparatus according to any one of 
claims 6 to 11, wherein the exposure light beam is 
a light beam in a wavelength region in which the 
light beam is greatly absorbed by oxygen, and the 
gas is chemically inert, from which any impurity is 
removed. 
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The exposure apparatus according to claim 6 or 7, 
wherein an optical member of the projection optical 
system, which is disposed at a position closest to 
the second object, is also used as the guide mem- 55 
ber. 



The exposure apparatus according to claim 6, 7, or 
8, further comprising a stage which positions the 
second object, wherein a height of an upper surf ace 
of the stage is substantially the same as a height of 
a surface of the second object. 
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An exposure apparatus for exposing a second ob- 
ject via a projection optical system with an exposure 
light beam having passed through a panern on a 
first object, the exposure apparatus comprising: 1 5 

a stage which positions the second object; 
a gas supply unit which supplies a gas through so 
which the exposure light beam is transmitted, 
to a space between the projection optical sys- 
tem and the second object; and 
a control unit which controls a state of flow of 
the gas supplied by the gas supply unit, de- ss 
pending on a position of the stage. 



13. A method for producing an exposure apparatus for 
exposing a second object via a projection optical 
system with an exposure light beam having passed 
through a pattern on a first* object, the production 
method comprising: 

arranging the projection optical system; 
arranging a guide member provided with an ap- 
e rture for allowing the exposure light beam hav- 
ing passed through the projection optical sys- 
tem to pass therethrough, at an end of the pro- 
jection optical system on a sido of the second 
object; and 

arranging a gas supply unit which supplies a 
gas through which the exposure light beam Is 
transmitted, toward the second object through 
the aperture of the guide member. 

14. A method for producing an exposure apparatus for 
exposing a second object via a projection optical 
system with an exposure light beam having passed 
through a pattern on a first object, the production 
method comprising: 

arranging the projection optical system and a 
stage which positions the second object; 
arranging a gas supply unit which supplies a 
gas through which the exposure light beam is 
transmitted, between the projection optical sys- 
tem and the second object; and 
arranging a control unit which controls a state 
of flow of the gas supplied by the gas supply 
unit, depending on a position of the stage. 



A method for producing a device, comprising the 
step of transferring a device pattern onto a work- 
piece using the exposure method as defined in any 
one of claims 1 to 5, 



11. The exposure apparatus according to claim 10. 
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Fig, 4 
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Fig* 6 
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Fig. 7 
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Fig. 8 
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